As landfill ages, oxygen will start to penetrate, We investigated whether aeration of a landfill affected metal leaching, We found that aeration increased cation exchange capacity, but decreased the buffering capacity and the metal-binding capacity. Leachates from an aerated landfill contained less than half the amount of aluminium and iron and more than double the amount of calcium, sulphur and zinc than leachates derived from an identical, but anaerobic, landfill. The leachate from the aerated landfill was capable of extracting metals from the original landfill when recirculated. Leachate from the original landfill treated with leachate from the aerated landfill contained more than twice as much cadmium, copper, iron, sulphur and zinc than leachate from the identical anerobic landfill. We conclude that precautions should be taken considering the fate of deposited metals when extrapolating results derived from studies on landfills at earlier degradation stages to landfills in more progressed phases.
a landfill is considered to be leached during the first decades after disposal (1) . This 'no leakage' concept is also supported by (2) extrapolating an observed exponential decline of leaching from landfills in their first degradation phases to very long periods. Thus, the leaching of metals in landfills has been considered to be of minor importance. However, care must be taken when extrapolating results achieved from the first degradation phase of the landfill to a subsequent phase, as settlement processes continue for a very long period up to the next ice age, considered to occur after 10 000 years. As the landfill ages anaeobic conditions dominate, the pH is above neutral and the sulphur is present as metal sulphides. Under such circumstances, deposited metals may be present as minerals, sorbed on minerals, included in amorphous phases and/or bound to complexing sites of the organic matter. The complexing capacity of the disposed and partly anaerobically degraded organic matter, the fraction of the sites available to the heavy metals and the fraction occupied by other metal ions such as calcium and ferrous ions and the amount of humics formed are not yet known. With increasing maturity of the landfill, oxygen will begin to penetrate by gas diffusion and by oxygenated acid rainwater developing aerobic niches. This initiated oxidation will produce carbon dixoide, which will further decrease the pH. 1n addition, the organic matter and metal sulphides present will degrade and/or oxidize and release bound metals. The metals could then dissolve in the oxidizing pore waters and escape from the landfill with the water flowing through it and also by diffusion. However, altering the conditions of the anaerobically transformed deposited organic matter during the preceding phases may also result in a higher oxidation level of the material, resulting in a higher binding capacity of both toxic metals and other competing metals which are thus retained. To investigate whether ageing processes of a landfill affect the fate of deposited metals, we have initiated a survey where the ageing process has been simulated by aeration.
MATERIALS AND METHODS

The Hogbytorp landfill
Landfill material was derived from Hogbytorp, an industrial landfill in Central Sweden. The present status of the landfill and a material balance is presented by (3). Bore cores from the landfill were drilled out at 10 m depth, transferred to containers and kept frozen (-20 ° C) prior to use. Before starting the experiment the frozen material was chopped and sieved (5mm) in a cold-room (-20 ° C) in order to minimize the initiation of biological activities in the samples. pH, cation exchange capacity, carbon and nitrogen contents as well as contents of various metals were determined using standard laboratory methods. Chemical and physical characteristics are presented in Table 1 . 
Mean values of three replicate determinations
The effect of aeration on the fate of toxic metals At the start of the experiment, 700 g wet weight sieved land fill material was placed in glass cylinders. In the centre of the cylinders tubings were attached to supply inlet and outlet gas to the system. The inlet gas consisted of either air or nitrogen. The outlet gas was led through NaOH to capture carbon dioxide, followed by another gas wash bottle containing sulphuric acid to capture ammonium. Gas flow rate was set to 5 ml per min. The solutions in the gas wash bottles were titrated at intervals and amounts of carbon dioxide and ammonium produced was calculated. Twice weekly, methane and oxygene concentrations were determined. To detect any occurrence of increased metabolic activity shown as a temperature rise, thermometers were installed in the glass cylinders. Treatments included landfill material exposed to technical gas containing 20.4% oxygen, with landfill material exposed to nitrogen as the control, natural peat bog material exposed to technical gas containing 20.4% oxygen and peat bog material exposed to nitrogen. The experiment was stopped after three months, after which the material was characterized with respect to pH, cation exchange capacity, carbon and nitrogen status as described above ( Table 2 ). The remaining material was divided into subsamples and stored frozen.
Effect of aeration on leachates
Leachates of aerated and anaerobic landfill material were produced by adding respectively I 00 ml distilled water to 54 g wet landfill matter and rotate this for 90 min, followed by centrifugation, repeatedly centrifuging the supernatant followed by filtration. Metal concentrations were determined (Table 3) . Analysis for presence and separation of water soluble short-chain organic acids was made by high pressure liquid chromatography. 
Metal-binding capacity of the leachates
The metal-binding capacity of the leachates prepared above was investigated by adding 20 ml of the leachate from aerated and anaerobic landfills and peat bog respectively to 8.6 g wet weight of the original untreated landfill. Again, the samples were kept on the roller table and centrifuged and filtered and analysed for presence of metals as before (Table 4 ).
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Metal-holding capacity of the aerated landfill material
The metal-holding capacity of the aerated and anaerobic landfill prepared above was investigated by adding 16 ml ofNai-EDTA to 8 g wet weight material taken from the above prepared aerated and anaerobic landfills and peat bog to achieve final concentrations of 0,2 · 10· 5 M, 4 · 10· 5 M, 6 · 10· 5 M and 8 · 10· 5 M. Again, the samples were kept on the roller table and centrifuged and filtered as before. Metals were determined as before.
Buffering capacity of the aerated landfill material
The buffering capacity of the aerated and anaerobic landfill prepared above was then investigated by adding 16 ml of HCI to 8 g wet weight material ( Metals and pH were determined as before. At the end of the aeration treatment, each gram of aerated land fill and peat bog material had been exposed to 300 ml of oxygen. No methane was detected from either the landfill or the peat bog material as shown from analyses of the outlet gas. Oxygen concentrations of the outlet gas are presented in Fi gur e 1. Carbon dioxide production of the respective treatments is shown in Fi gur e 2 and Table 2 . As shown, the carbon dioxide production of the aerated materials was elevated, being 7.5 times higher in the aerated landfill compared to the anaerobic landfill and 3.5 times higher in the aerated peat bog compared to the anaerobic peat bog. No ammonium production occurred. No temperature changes in the material occurred. Aeration of the material resulted in a pH decrease of both the landfill and the peat bog material and a tendency toward an increased CEC ( Table 2) 
Table 4. Metal-binding capacity of the leachates from landfill or peat bog of aerated and anaerobic origin when applied to the original landfill material, Figures shown have been corrected for the initial metal concentrations of the respective leachate
Effect of aeration on leachates
Leachates derived from the aerated and anaerobic materials differed in respect to their content of metals (Table 3 ). As shown, levels of concentrations of cadmium, calcium, sulphur and zinc more than doubled in leachates from the aerated landfill. Leachate derived from the aerobic landfill was found to contain acetic acid, 0.12 g · g dry matter of landfill material" 1 , which was not found in the leachate from the anaerobic landfill.
Metal-binding capacity of the leachates
The metal-binding capacity of leachates derived from the aerated and anaerobic landfill and peat bog showed that lechate from the aerated landfill contained more than twice as much cadmium, copper, iron, sulphur, and zinc than leachate from the anerobic landf ills. No elevated concentrations of any metals were observed in the anaerobically treated landfill and peat bog respectively (Table 4 ).
Metal-binding capacity of the aerated landfill material By making regression analyses of the metal concentrations and EDT A concentrations it was
found that with increasing EDTA concentrations cadmium (r2 = 0.98), lead (r2 = 0.98) and zinc (r2 = 0.98) increased in leachates of the aerated landfill. No relationships between EDTA concentrations and metal concentrations of leachates from the anaerobic landfill material were observed.
Buffering capacity of the aerated landfill material
The buffering capacity of the aerated and anaerobic landfill material is presented in Fig. 3 . As shown, the aerated landfill material had a lower buffering capacity. By regression analyses of the relationships between metal concentrations and HCI concentrations it was found that with increasing HCI concentrations cadmium (r2 = 0.95), calcium (r2 = 0.98) and zinc (r2 = 0.92) increased in the aerated landfill. For conclusions drawn, it could be of interest to extrapolate the experimentally conducted 'ageing effect', By comparing the amount of organic carbon initially present (127 g organic C 3 3 per kg landfill material with a volume of L65 · 10· m ) with figures presented by (4), the landfill organic matter would be exhausted after >345 years given conditions favouring oxygen diffusion, This estimation differs from our experimental data where 0.93 g of C were released from the landfill during 82 days, which could be extrapolated to give a complete exhaustion of the organic material after 4 years at a disposal rate of 4 g C each year. However, in our experiment, oxygen is less limited than under natural conditions. Thus, we extrapolated the achieved ageing of the aerated landfill in our study to be 345/4 years = 86 years. When oxidizing the partially anaerobically degraded organic matter of the landfill and the peat bog we observed that the oxidation of the deposited organic material resulted in a production of water-soluble organic acids. These acids have chelating properties which explains the increased mobility of metals in the aerated landfill and the capacity of the aerated landfill leachate to extract metals. We suggest that the lowering of pH of both the aerated landfill and the peat bog material is a result of an initiated carbon dioxide production. As pH drops, an increased solubility of metals in anaerobically converted organic material will occur when the material is exposed to oxygen. The observed reduction in pH could be explained by the formation of short-chained organic acids in the aerated landfill. On the other hand, a tendency towards an increased cation exchange capacity of the aerated landfill and peat bog was also indicated which counteract with the lowered pH with respect to leaching potential of metals (Table 2) . Results, however, point out that an increased mobilization of some metals, including cadmium, lead and zinc, could be foreseen when oxygen enters anaerobically degraded organic material. The initiated oxidation of the partially anaerobically degraded organic matter altered the buffering capacity. An increased mobility of cadmium, calcium and zinc was observed in the aerated landfill. The reasons for the reduced buffering capacity the aerated landfill may be due to the carbon dioxide production as mentioned. However, it may also be due to oxidation of metal sulphides resulting in a production of sulphate ions which further decreases the pH and increases the amount of free metal ions. The metal-binding capacity of leachates derived from the aerated and anaerobic landfill and peat bog showed that the aerated leachate from the landfill was able to mobilize metals from the treated original landfill material. Leachate from the original landfill treated with leachate from the aerated landfill contained more than twice as much cadmium, copper, iron, sulphur, and zinc as leachate from the anaerobic landfill. When the original landfill material was exposed to leachate from the aerated peat bog, twice as much cadmium and iron was obtained as in the leachate from the anaerobic peat bog. Our observations indicate that aeration of partially anaerobically converted organic materials results in production of chelating agents which will enhance the mobility of metals. It could thus be argued that organic material should not be landfilled since it will increase mobility of metals on a longterm perspective based on our results. However, this conclusion needs to be qualified since it is not only the observed chelating effects which are important characteristics of the organic material in the landfill. The organic material may also substantially decrease the mobility of metals within the landfill by complexation and sorbtion.
DISCUSSION
CONCLUSIONS
